Introduction
Management of fishing capacity requires some estimate of the existing level of fishing capacity in a fleet and the corresponding level of excess capacity in the fishery. To this end, many countries have developed a range of capacity indicators, mostly based on physical attributes of the fleet (FAO, 2000) . Key indicators of capacity applied in many countries are measures such as gross tonnage (a measure of the volume of the vessel), engine power, and the number of boats. In some countries, engineering measures such as vessel capacity units, generally based on a combination of characteristics, have also been developed.
Production in any industry is largely an economic activity, and the concept of capacity has been well established in economic analysis. Johansen (1968) defines capacity as ''the maximum amount that can be produced per unit of time with existing plant and equipment, provided that the availability of variable factors of production is not restricted' ' (p. 57, cited in Färe et al., 1994) . From this, capacity is a measure of the output that could be produced by a given firm if all its fixed inputs were fully utilized, i.e. if it operated for the maximum time possible. In the case of a fishing vessel, output capacity would equate to the catch that would be expected from it if it operated every day that the fishery was open, taking into account usual fishing practice and breaks for repairs and maintenance. Capacity utilization is the ratio of actual output to capacity output and reflects the extent to which the fixed inputs are being fully utilized. For example, differences in capacity utilization between boats of similar sizes may reflect, among other things, differences in the number of days fished. The existence of capacity underutilization in a fishery indicates the existence of excess capacity (i.e. the same catch could have been taken by a smaller fleet operating at full capacity).
Physical and output-based measures of capacity can only be equivalent under certain restrictive conditions. The most significant of these is that production by industry is characterized by constant returns to scale, such that the relationship between physical inputs and outputs is constant. That is, doubling the quantity of all fixed inputs will double the potential output. In most fisheries (as in many other industries), this relationship is variable and, in most cases, increasing input use will result in a less than proportional increase in catch (see, for example, Hannesson, 1983; Squires, 1987; Campbell and Lindner, 1990; Pascoe and Robinson, 1998) .
In the United Kingdom, capacity is measured in terms of vessel capacity units (VCUs). These are based on a combination of the physical features of fishing vessels, which are assumed linearly related to the ability of each to catch fish. Further, the same measure is applied to all fishing boats in the UK, implying a common relationship for all vessels. In the case of multi-gear and -species fisheries, such as the UK fleet operating in the English Channel, such a measure of physical capacity would imply that it does not matter which boats are removed from the fishery. An additional complication is that capacity units can be transferred between fleet segments. Hence, a change in allocation of VCUs within a fishery may result in a change in the potential output of the different species, even though total physical capacity remains constant.
VCUs can therefore only be an appropriate proxy for fishing capacity given no differences between the level of input utilization (e.g. differences in the number of days fished) and technical efficiency (e.g. the skill of the skipper and crew) between boats with the same VCU. As there is no a priori reason to assume that this is the case, fishing capacity measures need to be estimated separately from physical capacity measures.
Measures of fishing capacity can be estimated using data envelopment analysis (DEA). The advantage of this approach is that it explicitly takes account of the level of input utilization and technical efficiency of different operating units. In this paper, the fishing capacity and capacity utilization of a sample of UK boats that use different types of gear but target the same set of species in the western half of the English Channel is estimated using DEA. Estimates are made on a species-by-species basis for the key species harvested. These are compared to the existing measures of physical capacity and implications for capacity management based on the physical measures, given the results, are drawn.
The Western Channel fishery
The English Channel fishery consists of a wide variety of fishing activities targeting many species. Approximately 4000 boats operate within the English Channel, over half of which are UK-owned. These broadly fall into seven gear types: beam trawl, otter trawl, pelagic/midwater trawl, dredge, line, nets and pots. In total, 92 species are landed by boats operating in the English Channel. However, most of the landed weight and value is contributed by fewer than 30 species. Much of the UK fishing activity takes place in the western Channel.
Management of the fishery is undertaken at several levels. The European Council imposes total allowable catches (TACs) on several of the key species in the fishery. These are allocated to individual countries that manage the uptake of their respective quotas. Only ten of the 92 species caught commercially in the Channel are subject to quota control under the Common Fisheries Policy (CFP). Management of the other species is largely undertaken through controls on the level and use of inputs in the fishery. Entry to the fishery is limited at a national level, each boat requiring a licence to operate.
Capacity management in the UK, which includes boats in the western Channel, is based on a unitization scheme (i.e. a physical measure of capacity). All boats are allocated a number of vessel capacity units (VCUs) defined by their physical characteristics. These units can be traded, and the introduction of any new boat into the fishery requires the owner to purchase sufficient VCUs from other fishers to meet the requirements of the new boat. The intention of the scheme is to limit the fishing capacity of the fleet.
1 Since 1992, the fishery has also been subjected to a series of capacity-reduction schemes under the Multi-Annual Guidance Programme (part of the European Union's CFP Structural Policy). In the UK, this has largely taken the form of a decommission scheme in which the UK Government bought back a number of licences and their associated VCUs.
The delineation of a boat's VCUs is given by VCU=1 b+0.45 kW (1) where 1 is length of the boat and b its breadth (both in metres). The kW value is the engine power (in kilowatts). This formula was derived from an econometric analysis of Scottish North Sea trawlers and explained 70-80% of the differences in earnings between boats (UK Fisheries Department, 1988) 2 . Though derived on the basis of North Sea trawlers, the formula has been applied to all UK-registered boats. 1 The introduction of a new boat also requires an additional number of VCUs to be purchased and surrendered, the intention being to ensure that any increase in efficiency associated with a new boat is compensated for by a net reduction in the total physical capacity of the fleet. 2 The original model was based on a Dutch study of North Sea beam trawlers. This model was applied to Scottish boats. However, the econometric analysis was undertaken in logarithmic form, i.e. ln(earnings)=f(ln [VCU] ) (UK Fisheries Department, 1988) .
Data
A data set was constructed from logbook records for all otter trawlers and netter-liners longer than 10 m operating in the western English Channel in 1995. Boats <10 m long were excluded because they tend to be highly opportunistic, switching gear regularly. As a result, they tend to undertake a wide range of fishing activities over a year (in some cases using four or more gear types). Larger boats tend to be more consistent in their gear use. For the purpose of analysis it was necessary to identify relatively homogenous boat types. The data set included observations for 60 otter trawlers and 17 netter-liners. Three netter-liners were excluded because of erroneous logbook data.
Whereas all boats in the fishery use a range of gears, otter trawlers predominantly used trawl gear over the period examined. In contrast, netter-liners tended to use both nets and longlines, often at the same time. Otter trawlers operate throughout the year, although the most intense period is during summer. Otter trawling is sensitive to climatic and tidal conditions, and fishing during winter is generally irregular for many of the smaller otter trawlers. Similarly, netter-liners operate throughout the year, although the use of some nets is particularly sensitive to tides. For example, gillnets are used only on a neap tide (i.e. twice a month). Some gear types are used more extensively during specific periods (e.g. handliners operate in the western Channel mainly from August to mid-January; Tétard et al., 1995) .
Both otter trawlers and netter-liners tend to be opportunistic (i.e. dependent on market conditions and stock availability), and consequently their catch composition is relatively varied. The western Channel netter-liners catch a wide range of species, the main types including hake, pollack, ling, cod, monk, and whiting. Otter trawlers catch a similar range of species as well as sole, cuttlefish and plaice (Tétard et al., 1995) .
This study considered the catch (in weight) of the main target quota species (cod, hake, monk, plaice, sole, and whiting) and non-quota species (cuttlefish and ling) caught by the two groups. Catch of all other species was aggregated into the category ''other''. Although the target species form the minority of the catch by weight, they generally form a significant part of the value of the total catch.
The key inputs used in the analysis were days fished, length and breadth of boat, and engine power (Table 1) . Fixed inputs (length, breadth, and engine power) correspond to those used in the estimation of vessel capacity units. Variable inputs only included days fished. Although data were available on crew, only annual average crew numbers had been recorded (so the size of the crew did not vary through the sample period).
Input use was relatively similar for both the otter trawlers and netter-liners examined in the analysis.
Netter-liners fished, on average, approximately two days fewer per month than otter trawlers. Otter trawlers tend to be, on average, marginally bigger (in terms of length and breadth), but netter-liners tend to have larger engines. There is no clear explanation for this situation. Vessel capacity units are presented for information, but were not used in the DEA model.
Methodology
Capacity measurement using DEA Capacity output relates to the potential output of a firm (e.g. a boat) given its fixed factors of production. In practice it is a relative measure, and the potential output of a firm is determined by the output levels achieved by other firms of similar size. Differences in output between firms of similar size can be due to either differences in capacity utilization (assumed to be attributable to a lower level of variable input usage than possible under normal working conditions), or differences in technical efficiency (the degree to which the potential output given the variable and fixed inputs employed is achieved). For example, in the case of a fishery, differences in the catch of two boats of the same size may be due to a difference in the number of days fished (capacity utilization) or a difference in the ability of the skipper to harvest the resource (technical efficiency). These effects need to be separated out in order to determine the potential output of a boat under normal operating conditions if it was fully utilized (i.e. operate at the ''maximum'' number of days possible, taking into account normal downtime for unloading, maintenance, etc).
Both capacity utilization and technical efficiency can be estimated using a range of methods . Foremost of these are the use of stochastic production frontiers and Data Envelopment Analysis (DEA). Stochastic production frontiers take the form of C=f(x)+ , where C is the output measure (restricted to a single composite measure in the case of multi-output firms), x is a vector of inputs, is a random error term (assumed to be independent and identically distributed), and is the deviation from the frontier attributable to either technical inefficiency or capacity under-utilization. For the latter measure (i.e. capacity under-utilization), only fixed factors (e.g. boat size) are considered in the analysis, whereas both fixed and variable factors of production (i.e. boat size and days fished) are considered when estimating technical efficiency. Stochastic production frontiers have been estimated for a number of fisheries (see Kirkley et al., 1995 Kirkley et al., , 1998 Coglan et al., 1999; Sharma and Leung, 1999; Pascoe et al., 2001) . These have been used primarily to estimate technical efficiency in fisheries, but the technique can also be applied to the measurement of capacity . DEA is a non-parametric approach to the estimation of capacity and technical efficiency. An advantage of DEA over the stochastic production frontier approach is that it is able to incorporate multiple outputs directly in the analysis. Further, the technique does not need to impose any structural relationship between inputs and the resultant output, allowing greater flexibility in the frontier estimation. A disadvantage of the technique, however, is that it does not account for random variation in the catch, and attributes any apparent shortfall in output to either capacity under-utilization or technical inefficiency. As a result, the potential capacity output may be biased upwards, the extent of this bias being determined by the degree of stochasticity in the data (Holland and Lee, 2001 ). This bias can be compensated for to a degree, as will be discussed later in this section.
The DEA technique has been suggested as the preferred approach to capacity measurement in fisheries largely as a consequence of its being able to measure capacity at the individual species level in a multispecies fishery (FAO, 2000) . In fisheries, the technique has been applied to the Malaysian purse-seine fishery (Kirkley et al., 1999b) , the US Northwest Atlantic sea scallop fishery (Kirkley et al., 1999a) , the Atlantic inshore groundfish fishery (Hsu, 1999) , the Pacific salmon fishery (Hsu, 1999) , the Danish gillnet fleet (Vestergaard et al., 1999) , and the total world capture fisheries (Hsu, 1999) .
The use of DEA to estimate capacity and capacity utilization can be illustrated with a simple example of a fishery in which two species are caught by a homogeneous fleet (in terms of fixed input use). Given that the fleet is homogeneous in fixed inputs, the level of catch is determined by the extent to which the fixed inputs are fully utilized. In Figure 1 , the catch (u j,m ) of both species (m={1,2}) for five boats (j={A,B,C,D,E}) is illustrated. The production possibility frontier is defined by boats A, B, C, and D. These boats are assumed to be operating at full capacity. In contrast, boat E is producing less of both species relative to the frontier and is therefore assumed to be operating at less than full capacity. The equivalent capacity output of boat E can be found by expanding the output of both species radially from the origin until it reaches point E* on the frontier. The expansion factor ( ) by which the output of boat E needs to be increased is given by OE*/OE. Conversely, the degree of capacity utilization (i.e. the extent to which the boat is achieving its full potential output) of boat E is given by OE/OE* (i.e. 1/ ).
The capacity output of each species at E* can be measured as a linear combination of the output of boats on the frontier (in this example, boats B and C). For example, the capacity output of species 1 by boat E (u * E,1 ) is given by u * E,1 = u E,1 =z B u B,1 +z C u C,1 , where z j is the weight associated with boat j on the frontier. In this case, z A and z D would have values of zero because the linear combination of these boats' output would result in a lower level of capacity output. Similarly, the capacity output of species 2 by boat E (u * E,2 ) is given by u * E,2 = u E,2 =z B u B,2 +z C u B,2 . The shape of the frontier will differ depending on the scale assumptions that underlie the model. Two scale assumptions are generally employed: constant returns to scale (CRS) and variable returns to scale (VRS). The latter encompasses both increasing and decreasing returns to scale. There are generally a priori reasons to assume that fishing would be subject to variable returns, and in particular decreasing returns to scale.
The effect of the scale assumption on the measure of capacity utilization is demonstrated in Figure 2 , again using a simple illustration. In this case, the catch of one species is plotted against the level of inputs used for the same five boats (j={A,B,C,D,E}) and the efficient frontier is defined under both scale assumptions. With constant returns to scale, the frontier is defined by point B only, with all other points falling below the frontier (hence indicating capacity under-utilization).
With variable returns to scale, the frontier is defined by points A, B, C, and D, and again point E lies below the frontier.
The value of for each vessel can be estimated from the set of available data through the development of a linear programming (LP) model. Following Färe et al. (1989 Färe et al. ( , 1994 , the DEA LP model of capacity output given current use of inputs is given as: where 1 is a scalar showing by how much the output of each firm can increase, u j,m the output m by firm j, x j,n the input n used by boat j, and z j is a weighting factor. The value of 1 is estimated for each vessel separately, the target vessel's output and inputs being denoted by u 0,m and x 0,n . Inputs are divided into fixed factors, defined by the set , and variable factors defined by the set ˆ. To calculate the measure of capacity output, the bounds on the sub-vector of variable inputs, ˆ, need to be relaxed. This is achieved by allowing these inputs to be unconstrained through introducing a measure of the input utilization rate ( j,n ), itself estimated in the model for each boat j and variable input n (Färe et al., 1994) . The restriction j z j =1 allows for variable returns to scale.
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Capacity output (u*) is defined as 1 multiplied by observed output (u). Consequently, capacity utilization (CU) based on observed output is:
The measure of CU ranges from zero to 1, with 1 being full capacity utilization (i.e. 100% of capacity). Values less than 1 indicate that the firm is operating at less than full capacity given the set of fixed inputs.
As noted previously, the estimated capacity utilization may be biased downwards (and capacity output biased upwards) owing to random variations in the catch being measured as under-utilization rather than stochastic error. Further, the observed outputs may not be produced efficiently (Färe et al., 1994) , so some of the apparent capacity under-utilization may be attributable to inefficiency (i.e. not producing the full potential given the level of fixed and variable inputs). If all inputs (both fixed and variable) are not being used efficiently, then it would be expected that output could increase without an increase in the level of variable inputs through the more efficient use of the inputs. By comparing the capacity output to the technically efficient level of output, the effects of inefficiency can be separated from capacity under-utilization. As both the technically efficient level of output and capacity output can be upwardly biased by random variability in the data, the ratio of these measures is a less biased (both statistically and theoretically) measure of capacity utilization.
The technically efficient level of output requires an estimate of technical efficiency of each boat, and requires both variable and fixed inputs to be considered. The DEA model for technically efficient measure of output is given as:
where 2 is a scalar outcome showing how much the production of each firm can increase by using inputs 3 In contrast, excluding this constraint implicitly imposes constant returns to scale while z j c1 imposes non-increasing returns to scale (Färe et al., 1989) . (both fixed and variable) in a technically efficient configuration. In this case, both variable and fixed inputs are constrained to their current level. Again, the restriction j z j =1 is imposed to allow for variable returns to scale. In this case, 2 represents the extent to which output can increase through using all inputs efficiently. The technically efficient level of output (u * TE ) is defined as 2 multiplied by observed output (u). As the level of variable inputs is also constrained, 2 c 1 and the technically efficient level of output is less than or equal to the capacity level of output (i.e. u * TE cu*). The level of technical efficiency is estimated as
The measure of technical efficiency again ranges from zero to 1. Values <1 indicate that output is less than potential output given the current level of inputs (both variable and fixed). That is, output could increase without increasing variable input use.
The unbiased estimate of capacity utilization (CU*) is consequently estimated by As 1 d 2 d1, CUcCU*c1. Dividing the level of output by the corrected measure of capacity utilization produces lower but unbiased estimates of capacity output.
Analysis
The DEA linear programming model was developed in GAMS (General Algebraic Modelling System, Brooke et al., 1992) , a general optimization package. The model was run separately for each month, so only boats that fished in the same month could be compared. It is assumed that stock abundance was relatively constant over the month and that the timing of fishing did not affect the catch composition. As the measure of capacity is a relative measure, the capacity output in a given month was determined by the range of output observed in that month, which would implicitly take into account the relative stock abundance of each species. The analysis is limited to one area of the Channel (the western half) and it is assumed that species abundance does not vary substantially across this area. If the output from a boat is lower than its potential output because of the area fished, then this is largely a reflection on the skill of the skipper and would be captured in the technical efficiency component of the analysis.
The model was also run separately for the two fleet segments, such that otter trawlers were not directly compared to netter-liners. A combined analysis would have required the assumption of a common production process, which clearly is not realistic. The small number of boats in the netter-liner fleet segment resulted in a degrees of freedom problem (Cooper et al., 2000) when all species were considered individually in the DEA model. This resulted in a large proportion of the fleet segment appearing to operate at full capacity. To overcome this problem the target species were aggregated and a model run as a two-output model (i.e. the ''target'' and ''other'' species) to estimate the expansion factors 1 and 2 .
A further problem with the data, a problem common to any multispecies analysis, is that not all boats caught all species in every month. As a result, zero catches were recorded for some species in some months for nearly every boat in the data set. However, small catches of some species may not have been recorded. As it is impossible to distinguish between true zero catches and misreporting in the data, zero catches were replaced by a nominal 0.1 kg. This is not expected to have distorted the capacity output substantially, but it does allow for a better estimate of capacity output (because it is not possible to expand the catch from a zero base).
Results
The capacity output of each species in each month for every vessel was estimated from the product of the expansion factors 1 and 2 and the observed catch of each species, and summed over all boats to produce an estimate of total capacity output for each fleet segment (Table 2) . Fleet-wide estimates of capacity utilization were derived from the ratio of the observed total output to the potential (both capacity and technical efficiency) level of output.
From the model output, capacity utilization (CU) varied considerably by species and between the two fleet segments examined. For all species, the otter trawler fleet segment as a whole was operating at <90% of their capacity (e.g. for cod, hake, and ling) and for some species at <80% capacity (e.g. for cuttlefish, plaice, and whiting). However, much of this underutilization of capacity arose out of using the inputs inefficiently rather than not using enough variable inputs. Given that, under normal working conditions, the inputs would not all be used efficiently, then the unbiased measure of capacity utilization (i.e. CU*) for the target species would have been >90%.
In contrast, the netter-liner fleet segment was operating below 50% of its capacity for some species. In addition, the fleet segment was also operating at a relatively low level of technical efficiency. The unbiased estimate of capacity utilization, however, was considerably higher, generally >80%, and for some species (cuttlefish and sole) >95%. Nevertheless, there was considerably more excess capacity in this fleet segment than in the otter trawler segment.
The distribution of the unbiased measure of capacity utilization for each fleet segment is illustrated in Figure  3 . In most cases (64% for otter trawlers, 54% for netter-liners), the boats were operating at full capacity (Figure 3a) . Only 5% of the otter trawler observations and 10% of the netter-liner observations were operating at less than 50% capacity. At the boat level over the year, only 24% of the otter trawlers operated at full capacity over the whole period of the data (i.e. average CU*=1), whereas a further 24% operated at between 90 and 99% capacity (Figure 3b) . No netterliners operated at full capacity over the whole year, and <40% had an average capacity utilization of 90-99%.
The higher degree of capacity utilization of the otter trawlers is also reflected in the variable input utilization rate ( ). Otter trawlers were operating at their optimal number of days in >60% of observations (Figure 4) . In contrast, only some 40% of netter-liner observations were at their optimal number of days fished.
A comparison of average capacity output per VCU for each species between the two fleet segments suggests that the effects of fleet reduction on the capacity output of the key species differs depending on which fleet segment is reduced (Table 3) . Decreasing VCUs in the otter trawl fleet may result in an equivalent or greater decrease in total capacity output of most quota species than an equivalent decrease in VCUs in the netter-liner segment, the exception being cod.
Basing the expected impact of changes in fleet structure on average capacity output assumes that output is correlated with the number of units (the whole basis of the unitization system). Correlation of the capacity output of each species of individual boats (summed over the year) with VCUs suggest that VCUs are reasonably correlated with the capacity output of otter trawlers for most species, particularly cod and sole (Table 4) . As these two species are the main target of trawlers in the North Sea (from which the VCU formula was derived), such a result is not surprising.
However, with the exception of monk, there is little correlation between VCUs and capacity output of the netter-liner boats (Table 4) . Hence, while the expected impact on capacity output attributable to changes in VCUs in the fleet may be reasonably estimated for the otter trawl fleet, it is unlikely that any realistic impact of VCU change could be estimated for the netter-liner fleet.
Discussion
Both fleets examined were estimated to be operating below their unbiased capacity output level, suggesting the existence of excess capacity in both fleets. For example, otter trawlers could increase their catch of most species by around 9% through increasing their use of variable inputs (e.g. days fished). Conversely, the observed level of catch could have been achieved by a reduction in the fleet segment of a similar proportion, assuming that the remaining boats were then fully utilized. Similarly, the netter-liner fleet could have been reduced by approximately 12% and the same catch obtained if all boats were fully utilized. The actual extent of excess capacity needs to be measured in relation to the long-run target output of a fleet, which may be less than the observed output in 1995.
In addition, the fleet was less than fully efficient and further output could have been achieved through more efficient use of all inputs. On average, the netter-liner fleet appeared to be operating less efficiently than the otter trawl fleet. Coglan et al. (1999) determined that 70% of the trawlers in the English Channel (including both beam and otter trawlers) were operating at <90% Figure 4 . Variable input utilization rate ( ). A value of <1 implies that the same level of output could have been achieved with less days fished, whereas a value >1 implies that output could be increased by fishing for more days. efficiency whereas almost 40% were operating at <75% efficiency. Much of the difference in efficiency was thought to be due to differences in skipper skill (Coglan et al., 1999) . These results are consistent with the results presented in Table 2 for otter trawlers. Previous studies of the technical efficiency of netter-liners have not been undertaken in the Channel. As with any analysis, the results are limited by the quality of the data. A general problem in fisheries analyses is misreporting. Fishers are not required to record their catches of non-quota species (i.e. ling, cuttlefish, and ''other'' species), although most do. 4 However, there is no guarantee that all landings of these species are recorded, because it is likely that small catches would not be recorded. In this study, the nonquota species of interest were target species and generally caught in large quantities. It is assumed that recorded measures of catch of these species are reliable. Although some catch may not have been recorded by these boats, it is likely that this quantum is relatively small in comparison to the total landings of these species.
During the period analysed here (1995), boats fished against an aggregate (rather than individual) quota. Incentives exist to misreport landings of quota species, particularly if the aggregate quota is full or close to being filled. The extent to which this affected the records is uncertain. A necessary assumption of the analysis is that individual records of landing are correct. However, discarding of catch is likely to have taken place, and this may be manifesting itself in the form of inefficiencies (Pascoe et al., 2001 ) and capacity underutilization. In such a case, the methods employed in this study may be used to provide a better indicator of actual fishing mortality than landings for quota species.
The measure of capacity output is a technical measure only; it does not take into account the costs of fishing. While it may be technically feasible for boats to increase output, it may not be worth fishing to greater capacity if the marginal cost exceeds the marginal benefits. Boats operating close to full capacity may not be economically efficient (i.e. the marginal value of the output may be less than the marginal cost of catching it) given the current stock level. Sufficient information was not available to make any assessment about this issue.
The results of the analysis are also only short term. It would be expected that changes in stock abundance between years would result in the observed and capacity output of the boats also varying between years. However, though capacity output may change between time periods, the measure of capacity utilization (1/ 1 ) is a relative measure derived by comparing the output of boats within a given time period, and hence with a given stock abundance. Capacity utilization is, therefore, a more appropriate indicator of the existence of excess capacity in a fishery than capacity output per se (which is more likely to vary from period to period).
In this study, the capacity output of the different fleet segments was compared to indicate the potential change in catch composition that may result from a transfer of VCUs from one fleet segment to the other. Further, the results provide an indication of the relative potential impact on landings of particular species if decommissioning schemes were indifferent as to the fleet segment from which the VCUs were removed. The actual impact would, of course, depend on the prevailing stock conditions. However, the existence of excess capacity in the fleet may reduce the effectiveness of such a decommissioning scheme because the remaining fleet can increase their capacity utilization through increasing their variable input use (e.g. days fished) and hence increasing their catch.
Conclusions
The analysis provides some interesting insights into the potential effectiveness of the decommissioning schemes in the fishery and capacity management based on VCUs. Capacity reductions are required in most EU member states under the European Union's Multi-Annual Guidance Programme (MAGP). In the UK, these have been implemented through a decommissioning programme based on VCUs. Pascoe and Coglan (2000) demonstrated that the effectiveness of this programme may have been less than expected for beam and otter trawlers as a result of differences in efficiency of fishing vessels (such that the effective capacity removed is less than the nominal capacity). From this study, the lack of correlation between VCUs and capacity of the netterliners further calls into question the effectiveness of the programme.
The existence of excess capacity (as indicated by the existence of capacity under-utilization) may result in a less than proportional decrease in landings with a decrease in physical capacity units. Consequently, capacity-adjusting measures based on the removal of physical capacity have a much better chance of working when capacity is close to being fully utilized.
Despite the deficiencies of the UK VCU system, a physical measure of capacity is still necessary for fisheries management based on input controls (Hsu, 1999; FAO, 2000) . Although output-based measures are more appropriate for the purposes of determining excess capacity, they are not necessarily practical for managing capacity. Capacity targets can be set in terms of output, but limiting landings (e.g. through a TAC) may only result in a reduction of capacity utilization and not in a reduction in potential output. Managers can only indirectly affect capacity output through controlling the level of inputs. Hence, pragmatic fisheries capacity management requires a proxy measure of fishing capacity based on physical inputs.
However, this study does call into question the desirability of applying a single measure of physical capacity to all fisheries. The formula currently used in the UK appears to be reasonable in representing the fishing capacity of the otter trawlers, but it is unreasonable in its representation of the fishing capacity of netter-liners. It is likely that this result could be extended to other fleet segments that use static gear (e.g. potting boats). As a result, fishery-specific measures may need to be developed (e.g. related to gear type or fishing activity).
This has wider implications than just deriving new measures of physical capacity. Under the current management system, licences are not defined in terms of gear type to be used. However, in order to estimate physical capacity effectively, the fleet does need to be delineated into distinct segments, and licences should be applied to these individual segments.
